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ABSTRACT 
The large differences in the maximum residual s t ress  values previously 
noted between rolled and forged 7075-T6 plate materials is being investigated. 
Preliminary results indicate that these differences a re  due, at least in part, 
to heat treating variables. 
The residual st ress  relieving characteristics of 7178-T6 forged plate 
have been determined and are shown to be almost identical to those of rolled 
70?5-T6 plate. 
Residual stress distributions in 7178-T6 forgings in three thicknesses 
have been determined. In contrast with the residual stresses observed in 
7075-T6 forgings, section thickness was shown to have little effect on the 
maximum values of residual stress. 
A different specimen for the more economical measurement of residual 
stress relief, using cut and deflection measurement techniques, is being 
evaluated for use in this program. 
agreement with those obtained by previously employed techniques. 
Preliminary results indicate fair 
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I. INTRODUCTION 
~- 
This progress report covers the work accomplished during the first 
quarter of the continuation of the program to investigate residual stresses 
and their relief by means of time-temperature treatments in high strength 
aluminum alloys. 
During the first twelve month period, a specimen was developed for 
measuring the rate at which stress relief occur8 during time-temperature 
treatments. 
characteristics of six high strength aluminum alloys were determined over 
a range of temperatures and for times up to 100 hours, 
time-temperature treatments on the tensile and fracture toughness 
Using this specimen, the time-temperature stress relieving 
The effects of 
properties were also determined. In general, it was found that, in most 
&the heat treatable alloys, moderate amounts of residual stress relief 
can be obtained without seriously affecting the tensile strength properties. 
In the single work-hardened alloy investigated, it was found that essentially 
complete residual stress relief can be obtained with very little effect on 
tensile strength properties, 
analyses made on plate and forged materials reveal that, while assentially 
equi-biaxial residual stresses exist in the aluminum alloys heat treated 
to the T6 condition, the residual stresses existing in the work hardened 
alloy, 5456-H343, vary considerably with respect to rolling direction. 
Residual stress analyses of weldments indicate low residual stress values 
due to welding. 
of welded material were shown t o  differ only slightly from those of the parent 
plate. 
Through the thickness residual s t ress  
The time-temperature residual s t ress  relieving characteristics 
A. Objective and Scope 
The objective of this program is to develop stress-relief treat- 
ments for forged, plate and welded stock of high strength aluminum alloys 
and study their stress-relief behavior with respect to previous history .  
Further studies of residual stresses and their relief are being 
made on the six alloys which were investigated during the preceeding 
twelve month period. In addition, three new alloys are being procured for 
additional studies. 
previous history since it was shown that the rate of residual stress relief is 
highly dependent on the amount of residual s t ress  that has already been 
relieved . 
Particular emphasis is being placed on the effect of 
B. Materials 
Studies will  be conducted on three new alloys , 7 178- T6 in  the form 
of forgings , 7039-T6 and 7 106- T7 1 in  the form of rolled plate. 
The 7 178-T6 forgings have been procured from the Wyman-Gordon 
Company in the form of pancakes where nominal thicknesses a r e  1/2, 1, 2 
and 3 inches. 
inch thickness to 18 inches for the 3 inch thickness. 
The diameter of these forgings range from 8 inch for the 1/2 
The Alcoa alloy, 7 106-T7 1 is in very short supply except in one 
ton minimum lots per thickness from the Aluminum Company of America. 
However, one sheet each of 1/2 and 1 inch thicknesses have been obtained 
from the Southwest Research Institute. 
The Kaiser  alloy, 7039-T6 has not yet been obtained but is being 
supplied free of charge in all necessary thicknesses through the courtesy of 
the Kaiser Aluminum Co. The 3/4 inch thickness 
work wi l l  be done, is expected by the end of this month. 
on which the bulk of the 
2 
11. EXPERIMENTAL PROCEDURES 
Most of the experimental and specimen details have been described in 
I 
I 
some detail in previous progress reports, . However, one new specimen for 
determining residual stress relief is being investigated. 
figuration is illustrated in Figure 1, 
by measuring the deflection of the specimen after it is cut as shown in 
This specimen COP- 
A value for residual stress is obtained 
Figure 1 to relieve the residual stresses, The thickness of this specimen 
is thought to be of little consequence except when specimens a re  to be fully 
heat treated (i. e., any heat treatment including solution treating and 
quenching). In this case it is considered necessary to have the specimen 
thickness at least equal to that of the parent plate in order to simulate more 
closely the quench rates that prevail in fu l l  size plates. Thus, where no 
heat treatment or only a stress  relieving treatment is required, specimen 
thickness is held to 1/4 inch. 
This specimen was chosen for the following reasons: 
a) It was shown previously that when measurements of the relief of 
residual stress are required, measurements taken at one point (e. g. e on the 
surface) can be very misleading particularly if large residual stress 
gradients are present; in fact they can show an increase in residual stress 
after a stress relieving treatment. Thus, a measurement based on stress 
relief over the entire section is necessary. 
b) The method used previously, i. e. , making through the thickness 
residual stress analyses on as-heat-treated and as-heat-treated and stress re- 
lieved specimens and taking the average stresses, is very time consuming and 
costly. 
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Figure 1 .  Specimen for Measuring Residual Stress Relief in 1 inch Thick 
Plate. Configuration B is Used When Specimen Heat Treatment 
Involves Solution Treating and Quenching. 
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c )  Although the new specimen can not give absolute values for re- 
sidual stress, it can give accurate values for the average percentage change 
in residual stress. 
III. EXPERIMENTAL RESULTS AND DISCUSSION 
A. Residual Stress Relief in 5456-H343 Plates 
Figures 2 and 3 show through the thickness residual stress 
analyses for 2 inch thick 5456-H343 plate in the as-received and in the stress 
relieved conditions for both the longitudinal and the transverse directions . 
A p a r t  from an apparent surface effect there appears to be little or  no stress 
relief. 
specimens (Figure 15, Annual Report #1) which shows that a similar stress 
relieving treatment,i.e., ZOOOF for 25 hours, resulted in a stress relief of 
approximately 65%. 
It is believed to be due to  the previous history of the residual stresses in the 
plate. In the as-rolled condition residual stresses close to the yield strength 
might be expected whereas the observed stresses in the as-received plate are 
only a fraction of the yield. Thus, a large amount of residual stress relief 
has already taken place in the as-received plate, presumably during the 
'!s&ahilizing" treatment that follows the cold working in the H343 treatment. 
Unfortunately, details of this treatment a re  not available, being proprietary 
information. 
This is in contrast to the behavior seen in the modified split ring 
The reason for this large discrepency is being investigated. 
€3. Residual Stresses in Rolled vs. Forged 70?5-T6 Plate 
The high temperatures involved in the solution treatment of aluminum 
alloy materiale would be expected to effectively relieve essentially all the 
residual stresses induced by rolling, forging or  other forming operations per- 
formed prior to heat treatment. Experimental results appear to confirmthis 
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Figure 2. Residual Stress Distributions Through the Thickness in 2 inch 
Thick 5456-H343 in the Longitudinal Direction. As-Received 
and After Stress Relieving. 
7 
, 
l o b  
9- 
8-  
7 -  
6 -  
4- 
3- 
O ,  
-I 
-2 
-3- 
-4 
I 
1 
I 
1 
I 
I 
u 
1 
I 
I 
1 
1 
I 
I 
I 
I 
1 
I 
5 -  
I 
2- 
I -  
- 
- 
- 
i 
1.0 .8 .6 -4 .2 0 .2 4 .6 . 8 
Distance From Center (Ins.) 
Figure 3. Residual Stress Distributions Through the Thickness in 2 inch 
Thick 5456-H343 in the Transverse Direction. As-Received and 
After Stress Relieving. 
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hypothesis. 
rolled T6 plate whereas t h i s  is not the case in the rolled 5456-H343 plate which 
was not solutionized after rolling. 
the bulk of the residual stresses, are caused by the quench following solution 
treatment, the mechanical process used in forming the plate would not be ex- 
pected to show any significant influence on the final residual stress pattern. 
Nevertheless, as reported in the Annual Report #1, the forged 7075-T6 materiale 
showed much lower residual stresses than those observed in the 7075-T6 plate. 
This difference was tentatively attributed to heat treatment variables, e.g., 
quench bath temperature. It was later ascertained that Wyman-Cordon Co. 
had quenched these forgings into water a t  88OF whereas our quench baths were 
about 6 O O F .  
For example, residual stresses were found to be equi-biaxial in 
Thus, since the residual stresses, or at least 
The following experiment was conducted to determine whether or 
not the lower residual stresses in the forgings were a result of heat treating 
variables. A piece of the 7075-T6 forged plate was machined down to one inch 
thick, resolutionized and quenched in water at about 60°F. A through-the- 
thickness stress analysis w a s  conducted on a coupon cut from the center of 
this forging. 
together with those from coupons cut from the same forging before re-heat 
treatment and from a re-heat treated 1 inch thick plate, a r e  presented in 
Figure 4. Note that the re-heat treatment greatly increased the residual stresses 
in the forging, although the residual stresses in the re-heat treated rolled 
plates are still considerably higher, 
Curves showing the residual stress distributions in this coupon 
Thus, it is demonstrated that heat treating 
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Figure 4. Residual Stress Distributions Through the Thickness in 1 inch 
Thick 7075-T6 Rolled Plate ( l ) ,  As-Received Forged Plate (3) 
and Reheat Treated Forged Plate (2).  
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Tariables can have a very significant effect on residual ctress. 
that the residual stresses in the re-heat treated forging were lower than those 
observed in the rolled plate may be due to a size effect. 
coupon was 10 inch square whereas the forging (which was the largest piece 
of 1 inch thick forging available) had maximum measurements of about 8 inch 
x 10 inch. One of the long edges of the forging was part of a 7- 1/2 inch radius 
circle so the overall size of this piece was even smaller than the maximum 
measurements indicate, Additional work is therefore required to prove 
whether or not the forming method used has a significant effect on residual 
The fact 
The rolled plate 
stress. This work is currently in progress using the 1 inch square specimen 
C.  Residual Stress R e l i e f  Characteristics of 7 178-T6 Forgings 
The residual s t ress  relieving characteristics of 7 178-T6 forgings, 
as determined with the modified split ring specimen, a r e  presented in 
Figure 5 ,  A comparison of these results with those obtained from 7075-T6 
(Figure 10 in Annual Report #1) shows essentially identical behavior; the curves 
from one alloy practically superimposing on those of the other at  each tempera- 
ture. Figure 6 illustrates the effect on the rate of residual stress relief 
of prior relief that occurs during the aging part of the heat treating cycle. In 
this experiment two modified split ring specimens in forged 7178 were solu- 
tionized and water quenched. The a rms  of all four specimens were then 
plastically spread about .05 inch to relieve quench induced residual stresses 
in the test sections. One specimen was then stressed to its yield strength to 
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Figure 5. Residual Stress Relief Characteristics of Forged 7178-T6 
Aluminum. 
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Figure 6 .  Effect of Time and Temperature on Residual Stresses  in Forged 7178, 
As-Received (A), Resolution Treated Quenched and Aged in Unstressed 
Condition (a) and Resolution Treated, Quenched and Aged Under 
Simulated Residual Quench Stresses  (0). 
13 
simulate, with a stress of known magnitude, the actual residual stresses 
that would occur in plate due to the quench. 
After aging, 
stress and the amount of stress relief that had occurred during the aging was 
determined. 
and the companion specimen was stressed to the same stress value. 
time-temperature treatments (350°F for  times up to 25 hours) on the residual 
stresses in these specimens w a s  determined. 
specimen aged in the stressed condition relieves more slowly than the specimen 
aged in the unstressed condition, reflecting the effect of the previous relief 
(ccc:rrinq dnr;-qg zg;iq) 0~ the rrtg cf ~ & g ~ q i ~ ~ z t  a+reun Tel ie f ,  
the amount of residual stress relief which resulted from the aging treatment 
was 16%. 
Both specimens were then aged. 
the stressed specimen was unloaded and both the remaining 
This specimen was then restressed, exactly as before unloading 
The effect of 
Note in the figure that the 
Tn this case 
Note also, on the lower curve, that the results from the as-received 
material superimpose on the results from the re-heat treated specimen, aged 
in the unstressed condition. The as-received material had, of course, been 
aged under quench imposed r e s i d u a l  stresses,  but the residual stress in the 
ring specimen used to determine the relief characteristics was a new stress 
with no previous stress relieving history. 
program it- appears that while the stress relieving characteristics of a material 
FrGm the data obtained in  this 
a re  not easily changed (even by welding) the s t ress  relieving characteristics 
of aparticular residual stress are greatly influenced by its previous relief 
hi story. 
14 
D. Residual Stress Distribution on 7 178- T6 Forgings 
And Stress Relieved Conditions 
The thfougfi-the-.thidkhess residudl stress distributions for three 
in As-Received 
thicknesses of forgings in  7178-T6 are  presented in Figures 7, 8 and 9. 
forgings were circular in shape, about 15 inches in diameter with thicknesses 
of 1.3, 2.4 and 3.3 inches. 
maximum stress values, a r e  about the same for each thickness as  opposed 
to the 7075-T6 forgings where an increase in maximum stress values was 
observed with increasing thickness. After stress relieving at 100°F over the 
aging temperature (i.e., at 350°F) for 25 hours, the average remaining residual 
stress values, expressed as percentages of the average residual s t ress  values 
before stress relieving, were 64%, 64% and 74% for the 1.3 inch, 2.4 inch and 3.3 
inch thicknesses respectively. 
the 54% predicted by the modified split ring tests (see the upper curve of 
Figure 6 which depicts the behavior of a residual stress in 7178-T6 whose 
previous history, with respect to s t ress  relief, most nearly simulates that of 
the forged plate). 
material agrees with a trend indicated previously in 7075-T6 plate and forgings 
and in 6061-T6 plate (see Table 12, page 28 in A M W ~  Report #l). A tentative 
explanation of this trend is that greater amounts of stress relief may occur 
in the thicker materials during aging. In the thicker materials, higher residual 
stresses would presumably result from the quench and, owing to the low strength 
of the solutionized material, might exceed the yield strength at the aging 
These 
The residual stress distributions, including the 
The first two values a r e  in fair agreement with 
The fact that less stress relief occurred in the thickest 
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Figure 7 .  Residual Stress  Distribution Through the Thickness of 1 .3  Thick 
7 178 Forging, As-Received (0) and After Stress  Relieving at 
350°F for 100 Hours (a). 
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Figure 8. Residual Stiress Distribution Through the Thickness of 2 . 4  Thick 
7 178 Forging, As-Received (0) and After Stress  Relieving at 
350°F for 100 Hours (a). 
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Figure 9. Residual Stress  Distribution Through the Thickness of 3 .3  Thick 
7178 Forging, As-Received (0) and After Stress  Relieving at 
350°F for 100 Hours (0). 
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L 
temperature. Thus, although the percentage rate of residual stress relief 
was shown to be relatively insensitive to s t ress  level for moderate stress 
values, at very high stress values, s t ress  relief does proceed at  a higher 
rate (see Figure 6 ,  Annual Report #I) .  
E. Residual Stress Relief Determinations by Measuring Deflection 
of Slit Specimens 
In order to  expedite the measurement of the relief of actual 
residual stresses resulting from heat treating and/or other processing and to 
eliminate the costly, time consuming through-the-thickness residual s t ress  
analyses, the specimen illustrated (see Figure 1) was investigated. 
Four specimens in each of the 2014 and 7075 alloys were machined 
from the actual 1 inch thick plates which had been heat treated to  the T6 
condition for the through-the-thickness stress analyses previously completed 
(Figures 91 and 95, Annual Report #l ) .  After measuring the distance between 
the bench marks on each specimen, two specimens from each alloy were slit 
and their deflections measured. The remaining four specimens were stress 
relieved for 25 hours a t  temperatures 100°F above their respective aging 
temperatures, slit and their deflections measured. The results of this 
experiment are presented in Table I. 
Note that there is little scatter in the deflection values obtained 
from duplicate specimens and that there is quite good agreement between the 
three methods used for measuring remaining residual stress.  
19 
TABLE I 
REMAINING RESIDUAL STRESS IN 1 INCH PLATE 
SWT SPECIMEN VS. THROUGH THE THICKNESS STRESS ANALYSIS 
Material 
20 14- T6 
20 14- T6 
2fj!&T/r .StreRa R e l i e v e i l  
20 14- T6 Stress Relieved 
7075-T6 
7075- T6 
7075-T6 Stress Relieved 
7075-T6 Stress Relieved 
Remaining Residual Stress % 
Through Split 
Average split Thickness Ring 
Deflection Deflection Specimen Analyses Spec. 
Mod. 
(in. ) (in. ) 
. 0925 . 093 1 
. 0938 72.2 64 62 
. Oh62 -0672 
.0682 
. 1378 . 1365 
. 1352 52.1 57 58 
.0688 ,0711 
. 0734 
20 
